Iran is known as one of the origins of olive in the world with many different olive cultivars, mainly in the north. Eighty eight accessions belong to 4 main olive cultivars were investigated by 21 morphological characters and 11 ISSR markers. Analyses of morphological characters revealed the existence of high genetic variability among cultivars. Based on both morphological and ISSR cluster analyses, 88 accessions were grouped in five distinct clusters. The ISSR primers produced 77 polymorphic bands. AMOVA showed significant difference in both between and within olive cultivars. The highest and lowest coefficient of Nei's genetic distance was observed in 'Mari' and 'Shengeh' (0.105) and 'Zard' and 'Rowghani' (0.061), respectively. In both morphological and ISSR data analyses, 'Mari' showed the highest homogeneity. The olive cultivars were not clustered based on their geographical origin.
INTRODUCTION
The olive (Olea europaea L.) is an economically important fruit crop of the Mediterranean basin (Rao et al., 2009) . Archaelogical findings revealed that olive cultivation in Iran dates back 2000 years ago (Sadeghi, 1992) . At present, the old commercial olive orchards are located mainly in the north of Iran and more than 85 % of olive production belongs to these regions . A large number of olive accessions are growing in Iran; therefore, many workers have reported on morphological or molecular characteristics of these accessions (Samaee et al., 2003; Hosseini-Mazinani et al., 2004 , Omrani-Sabbaghi et al., 2007 Sheidai et al., 2007; Noormohammadi et al., 2012; Dastkar et al., 2013) . The genetic diversity could be an important resource for the development of modern olive culture towards typical olive oil and fresh products (Hegazi et al., 2012) .
The ability to discriminate olive cultivars to estimate genetic variability is an important factor for a better management of genetic resources and successful breeding programs (Milotić et al., 2005) . Morphological descriptors of International Olive Council (IOC, 1993) are usually applied for characterization and identification of olive cultivars. Although the morphological characters are strongly affected by environmental conditions, the age of trees, the training systems, and the phenological stage of plants, the morphological approach continues to be the initial main step for description and classification of olive germplasm (Rotondi and Magli, 1999) . Therefore, more comprehensive studies using reliable markers are needed to gain a better understanding of the level and distribution of genetic diversity in olive cultivars. In the last years, molecular markers, such as RAPD (Belaj et al., 2001; Besnard et al., 2001; Mekuria et al., 1999; Wiesman et al., 1998) , AFLP (Angiolillo et al., 1999; Sanz-Cortes et al., 2003; Sensi et al., 2003; Owen et al., 2005) and SSR (Bandelj et al., 2002; Belaj et al., 2004; Cipriani et al., 2002; Diaz et al., 2006; Khadari et al., 2003; Rallo et al., 2000; Sefc et al., 2001) , have been used to characterize olive germplasm. Also, ISSRs methods have been used (Hess et al., 2000; Pasqualone et al., 2001; Gemas et al., 2004; Terzopoulos et al., 2005) . Little information is available on the genetic background of Iranian domestic olive genotypes (Dastkar et al., 2013) . The cross-pollination between domesticated and wild varieties caused the significant proportion of genetic diversity. Sadeghi (1992) reported that some cultivars appeared by selection of superior trees and by selection of mutation in over the years. The goal of this study is characterizing main Iranian olive cultivar in two provinces of Gilan and Zanjan by the use of ISSR markers and morphological characteristics.
MATERIALS AND METHODS

Plant material
Eighty-eight trees belonging to the 4 endemic cultivars including 'Mari', 'Zard', 'Shengeh' and 'Rowghani' were used in the morphological and molecular study. Trees were sampled randomly from five different locations of two provinces of Gilan and Zanjan including Gilvan, Tarom, Aliabad, Manjil and Jamalabad. Observations were made on samples of 40 healthy adult leaves and fruits for each tree. Morphological characters were measured manually and recorded for all 21 characters including leaf characters (3 characters) and fruit characters (8 characters). Then, ten characters were recorded on free stone fruits. The morphological characters were coded as binary or multistate characters (Table 1) .
DNA extraction
Total genomic DNA was extracted from fresh leaves using CTAB method with some modifications (Doyle and Doyle, 1990) . Leaf tissue (0.5 g) is ground in liquid nitrogen and incubated at 65 C for 30 min in 1ml extraction buffer (100 mM Tris-HCl, pH 8.0; 20 mM EDTA, pH 8.0; 1.4 M NaCl, 2 % CTAB, 1 % PVP). An equal volume of phenol/chloroform/isoamyl alcohol (25:24:1) and 2 l -mercaptoethanol were added to the supernatant and the whole mixture was centrifuged at 12000 rpm for 10 min. The precipitation of the upper phase was obtained by adding 1 volume of 2-isopropanol at -20 C for 20 min and then followed by centrifugation at 13000 rpm for 15 min. The DNA pellet was washed with 1 ml 75 % ethanol. The DNA pellet was resuspended in 50 l TE (10 mM Tris-HCl, pH 8.0; 0.5 M EDTA, pH 8.0).
ISSR analysis was performed using 11 primers (Table 2) . PCR reactions were performed in a 25 l volume containing 1× PCR reaction buffer (10 mM Tris-HCl; 50 mM KCl) 1.5 mM MgCl 2 ; 0.2 mM of each dNTP; 0.3 M of a single primer; 20 ng genomic DNA and 1.0 U Taq DNA polymerase. The amplifications were performed in Applied Biosystems thermocycler under the following conditions: 94 C, 5 min; 94 C, 30 s; specific annealing temperature (Table 2) , 45 s; 72 C, 2 min; repeat to step 2, 45 times; 72 C, 5 min.
Statistical analysis
Canonical discriminant, cluster analysis among cultivars by within group linkage analysis and correlation analysis were conducted using SPSS-V. 20. Molecular analysis of variance (AMOVA) was performed using GeneAlex 6.4 (Peakall and Smouse, 2006) to divide the total variation to between and within olive cultivars variation. Genetic distances between all pairwise combinations of the accessions were calculated using Nei's coefficients. Genetic diversity parameters including Ne (number of effective alleles), H (Nei's gene diversity) and I (Shannon's information index) were calculated by GeneAlex 6.4. PIC was estimated using the Excel software. ISSR polymorphism was scored for the presence (1) or absence (0) of amplified bands and was used to estimate the dissimilarity coefficients between cultivars using simple matching's coefficient method. The dissimilarity matrix was used to construct a dendrogram using the complete linkage method. These analyses were carried out using NTSYS pc ver. 2.01 ( Rohlf., 1998) . The agreement between dendrograms derived from morphological characters and ISSR markers, were compared using the Mantel (1967) matrix correspondence test. Leaf width (LW)
Fruit mass Low (1) Medium (2) High (3) Very high (4) 6.
Fruit symmetry (position A) Symmetry(1) Slightly asymmetry (2) Asymmetry (3) 7.
Position of maximum transvers diameter (position B)
Towards base (1) Central (2) Towards apex (3) 8.
Fruit apex (position A) Acute (1) Obtuse (2) Rounded (3) 9.
Nipple Absent (1) Tenuous (2) Obvious (3) 10.
Presence of lenticels Few (1) Many (2) 11.
Size of lenticels Small (1) Large (2) 12.
Stone shape (position A) Spherical (1) Ovoid (2) Elliptic (3) Elongated (4) 13.
Stone mass Low (1) Medium (2) High (3) Very high (4) 14.
Stone symmetry (position A) Symmetry (1) Slightly asymmetry (2) Asymmetry (3) 15.
Stone symmetry (position B) Symmetry (1) Slightly asymmetry (2) 16.
Towards base (1) Central (2) Towards apex (3) 17.
Stone apex (position A)
Number of grooves Low (1) Medium (2) High (3) 21.
Distribution of the grooves Regular (1) Grouped around the surface (2) The dendrogram obtained by within group linkage analysis grouped the 4 cultivars and 88 individuals into five clusters ( Figure 1 ). The first cluster included the number of the individuals of 'Rowghani' and 'Shengeh'. Individuals of 'Mari' with a limited number of 'Rowghani' and 'Shengeh' were grouped into cluster 2 and 3. All of the individuals of 'Zard' with a limited number of 'Rowghani' and 'Shengeh' (2 and 5 respectively) were placed into cluster 4 and 5. Among cultivars, 'Zard' and 'Mari' had the highest homogeneity. 'Shengeh' and 'Rowghani' showed high affinity. It could be due to synonymy in two cultivars.
Grouping of such a mixture of accessions may be the result of the presence of synonymous/mislabeled accessions . These olive trees grow in the areas with close vicinity; therefore, the similarities observed among them may be due to the gene flow occurring among them.
The accuracy of the groups produced was reassessed using discriminant function analysis. The total success rate of discriminant function was 89.8 %, which indicates that it was successful in discriminating different groups. The canonical discriminant functions are described (Table 4 ). The first three functions had eigenvalues that are above 2 and jointly accounted for 98 % of total variance. The first two functions accounted for 82.1 % of the total variance within the individuals. Standardized discriminant function coefficient could be used to identify important characters causing variation cultivars (Table 5 ). In the first function, high coefficient was observed for stone shape. In the second function, stone base and leaf length had high coefficient values. In the third function, presence of lenticels and fruit mass had high coefficient values. These characters that loaded high in the three functions demonstrate their relevance in discriminating between the olive cultivars. This was further reaffirmed by the extraction of standardized canonical discriminant function coefficient. 
ISSR polymorphism
The 11 ISSR primers produced 77 polymorphic bands by each primer ranged from 4-10. The highest number of polymorphic bands was obtained by UBC 808 (10 bands), while UBC 815 produced the lowest number of polymorphic bands (3 bands). PIC values ranged from 0.31 9 (UBC 810) to 0.46 (HB 12) ( Table 2) . The mean values of EMR, MI, effective number of alleles (Ne), Nei's genetic diversity (H) and Shannon index (I) for all the primers were 6.14, 2.37, 1.73, 0.4 and 0.6 respectively (Table 6) . Among the primers, UBC 822 and UBC 816 showed that the highest number of effective alleles (1.92)
The AMOVA showed that most of the genetic diversity was attributable to differences among individuals within cultivars (91 %) rather than among cultivars (9 %) ( Table 7) . The calculated PhiPT for all individuals (0.086) was significant (P< 0.01).
The highest amount of polymorphism, Shannon's index and heterozigosity was observed in 'Zard' cultivar and the lowest polymorphism and heterozigosity in 'Mari' ( 
Genetic diversity based on ISSR data
In the complete linkage dendrogram based on ISSR data, the 88 olive trees were separated in five clusters (Figure 2 and Table 10 
DISCUSSION
Homogeneity in Aliabad trees was bigger than those of other regions. This orchard, in contrast to others, is vegetative collection. Among other cultivars, 'Zard' and 'Mary' had more homogeneity according morphological characters.
Weakness of these classifications have been shown by the evidence that chemical and morphological changes in olive trees as well as other plants are influenced by domestication and agronomic selection (Sheidai et al., 2007) . The high homogeneity in cultivars may reflect the selection pressure for fruit quality (Mekuria et al., 2002) .
Each of them was grouped in two clusters. Aliabad individuals were separated in cultivars. Cluster 2 of 'Mari' trees had acute fruit apex, rugose stone surface and few lenticels. Whereas, 'Mari' individuals in cluster 3 had obtuse fruit apex, smooth stone surface and many lenticels. 'Zard' individuals in cluster 4 had very high fruit mass, very high stone mass, spherical stone shape and many lenticels. While, 'Zard' individuals in cluster 5 had high fruit mass, high stone mass, ovoid stone shape and few lenticels.
The result showed high allelic variation in 11 ISSR markers, from which four ISSR primers had the highest amount (100 %). These four primers could be used to study genetic variation among olive genotypes. The highest level of polymorphism at ISSR loci indicates high genetic variability in olive cultivars which is in agreement with other studies (Gemas et al., 2004; Essadki et al., 2006; Terzopoulos et al., 2005; Martins-Lopez et al., 2009; Hess et al., 2000) . Good discrimination efficiency and high reproducibility of ISSRs make them particularly suitable to identify the closely related clones which are often the results of very local selection in fruit species (Essadki et al., 2006 The 'Mari' showed the highest homogeneity based on both data analyses and often their individuals were placed close to each other, while the highest genetic diversity compared to other cultivars was observed for the 'Shengeh'. Intra-cultivar variation has also been reported in 'Shengeh' by using morphological characters (Hosseini-Mazinani et al., 2004) . 'Mari' cultivar showed the lowest mean of Shannon's index (0.533) and high genetic distance with the other cultivars, indicating little or low gene flow with other cultivars take place. 'Zard' and 'Rowghani' showed the lowest Nei's genetic distance. In the other study 'Zard', 'Rowghani' and 'Dezfool' were placed together and they showed low genetic distance, therefore, they reported probably those cultivar had the same origin (Koohi-dehkordi et al., 2006) . A good correlation was not found between genetic distances estimated using ISSR markers and those based on morphological characteristics. This may be a consequence of the fact that molecular analysis probes a wider area of the genome than does morphological analysis (Rao et al., 2009 ). The lack of correlation between those two estimates is also influenced by the fact that a large proportion of the variation detected in trees by ISSR is, a priori, non-adaptive (Karhu et al., 1996) , and hence not subject to selection, unlike phenotypic attributes (Rao et al., 2009 ).
Noormohammadi observed high intra-cultivar variation among North Iranian olive cultivars and without geographical separation Noormohammadi et al., 2009; Noormohammadi et al., 2014) , which was in agreement with the present study. Lack of a clear clustering of olive may be due to material exchanges by local gardeners and complicated in their denominations because of morphological similarity (Noormohammad et al., 2009) . 'Mari' has narrow and elongated form of fruit, unlike other cultivars and identifying them is easier than others. The high intra-cultivar variation was obtained from most woody perennial outbreeding species, with most variation being within populations and existence of low gene flow (Hamrich and Godt, 1989) .
MAIN CONCLUSION
In this paper, four olive cultivars have been investigated and characterized by combining morphological and molecular data. An important issue in identification of cultivars by morphological characters is the use of features receiving the least effects from environmental factors. Based on our analyses, characters of fruit and stone were more important than leaf characters. Both morphological and ISSR data analyses showed intra-and inter cultivar genetic diversity. These local cultivars must be exploited to identify individuals highly adaptive to extreme environmental conditions.
